The karyotype of Atyaephyra desmarestii, the European freshwater shrimp, from Louros River (NW Greece) was studied through the examination of metaphase chromosome spreads from the first zoeal stage larval tissues. A total of 42 mitotic metaphases were examined and the diploid chromosome number was determined to 2n 5 32. The karyotype consisted of 22 metacentric and 10 submetacentric chromosomes. Atyaephyra desmarestii karyotype is reported here for the first time providing a basis for further cytogenetic comparative study of the species populations.
INTRODUCTION
Karyological analysis is a basic tool by which information on the number, size, and morphology of chromosomes of vertebrates and invertebrates is extracted (Niiyama, 1959; Nakamura et al., 1988; Lecher et al., 1995; Khan et al., 2000; Tan et al., 2004) . Due to the descriptive nature of the method, the karyotype characterization is widely used for the determination of chromosome diversity (ThiriotQuiévreux et al., 1995 (ThiriotQuiévreux et al., , 1998 Zhou and Gui, 2002) , for the discrimination of diploid from triploid populations (Zhou et al., 2000; Mezhzherin and Lisetskii, 2004; Toth et al., 2005) , and as a key step toward the stock improvement aimed at increasing fish and shrimp production (Cherfas, 1968; Xiang et al., 2001; Sellars et al., 2003; Sellars and Preston, 2005; Norris et al., 2005) . Karyotyping largely replaced an older technology that determined total nuclear DNA content (see Bachmann and Rheinsmith, 1973) .
In decapod crustaceans, karyotype data have been collected for some families (Niiyama, 1934 (Niiyama, , 1959 (Niiyama, , 1962 Mittal and Dhall, 1971; Vishnoi, 1972; Nakamura et al., 1988; Chow et al., 1990; Murofushi and Deguchi, 1990; Chávez Justo et al., 1991; Campos-Ramos, 1997; Lakra et al., 1997; Morelli et al., 1998) while being totally unavailable for others, which is especially true for the freshwater caridean atyid decapods. The lack of information could be attributed to the fact that these species have no immediate commercial value, although they are a basic food resource of some carnivorous fish (Meurisse-Genin et al., 1985; Fidalgo, 1989; Garcia-Berthou and MorenoAmich, 2000) and have been suggested for use in fisheries aquaculture (Fidalgo and Gerhardt, 2003) .
Atyaephyra desmarestii (Millet, 1831) , the European freshwater shrimp, or river shrimp, is one of the most widespread freshwater shrimp in Europe, North Africa, and the Middle East through to Iran (Anastasiadou et al. 2004 and references herein). Populations from different areas of its zoogeographical distribution are under investigation (Kinzelbach and Forest, 1985; Gorgin, 1996; Anastasiadou and Leonardos, 2008; Anastasiadou et al., 2006; 2008; García Muñoz et al., 2009 ). The species demonstrates high adaptability and colonizing capacity to new freshwater ecosystems, benefiting in an optimum way the lentic and lotic habitats (van den Brink and van der Velde, 1986; Fidalgo & Gerhardt, 2003; Anastasiadou et al., 2005) . Furthermore, due to the easy manipulation of specimens under laboratory conditions and to the high number of larvae hatched by each bearing female, the species can serve as a model organism for shrimp studies. In the course of a comparative investigation on the freshwater shrimp, we report herein a karyological analysis of A. desmarestii from Louros River, in northwestern Greece.
MATERIALS AND METHODS
A total of 120 larval specimens of first zoeal stage of A. desmarestii were used in two experimental series (60 individuals for each). These animals were obtained as follows: female ovigerous specimens of this species were collected from the Louros River (NW Greece). The egg bearing animals were transferred to the laboratory and reared in aquaria. After hatching of the zoeae, the specimens were subjected to the modified protocols of Hasegawa (1981) , and Schrech and Moyle (1990) . The rearing times for colchicine's solution tested were 3, 3.5, 4, 4.5 kai 5 h, with the optimum at 4 h. The mitotic inhibition was achieved in a colchicine solution, which was made by dissolving 25 mg/mL colchicine in distilled water. Larvae were kept in the colchicine solution for 4 h at 23uC and treated in cold hypotonic solution (1% sodium citrate) for 30 min at 4uC. Tissues were fixed in 3:1 Carnoy's fluid (3 parts of methanol and 1 part of glacial acetic acid) for 30 min, renewing the Carnoy's fluid every 10 min. The fixed tissues then were gently chopped within 45% glacial acetic acid. Several drops were added on a slide placed on a hot plate in order to submerge the broken tissue. After drying, slides were stained in 10% Giemsa buffered by Sorensen's solution (30 M KH 2 PO 4 and 25.4 M Na 2 HPO 4 ) at pH 6.8 for 15 min. Slides were rinsed with distilled water and dried. The metaphases were examined under a microscope (Zeiss Axioscop 40) and photographed with a digital camera (SONY DSC-F828). The morphometry of chromosome pictures was conducted with photographic software. For each chromosome the average lengths of short and long arms, the total length, the relative length, and the centromeric index (CI, expressed as the ratio of the short arm length to the total length of chromosomes) were calculated. The chromosome pairs were classified following the recommendations of Levan et al. (1964) into metacentric, submetacentric, subtelocentric, and telocentric, with CI ranges of 0.375-0.500, 0.250-0.375, 0.125-0.250 and 0-0.125, respectively.
RESULTS AND DISCUSSION
The karyotype analysis was conducted by examining a total of 42 metaphase preparations (Fig. 1) , revealing that the number of chromosomes was 2n 5 32. The counts of chromosome ranged from 28 to 35 per preparation, with a mode at 32. Of the 32 chromosomes, which are presented in the karyogramme (Fig. 2) , 10 chromosomes were classified as submetacentric, while 22 as metacentric. For each chromosome the average lengths of the short and long arms, the total length, the relative length, and the centromeric index were calculated and presented in Table 1 . The optimum rearing time of the tissues in colchicine's solution was found to be 4 h. Generally, the rearing time for the different crustacean species in colchicine solution is from 4 to 6 h (Hasegawa, 1981; Murofushi and Deguchi, 1983) . Higher rearing times in colchicine's solution (8-12 h) have been reported for thermofilous species (Chavez Justo et al., 1991) , such as Macrobrachium rosenbergii (De Man, 1879) .
According to the relevant literature, among species of shrimp, the lowest number of chromosomes is recorded in the freshwater shrimp A. desmarestii (Fig. 3) . Higher chromosome numbers have been recorded (Xiang et al., 1994; Lakra et al., 1997; Morelli et al., 1998) in Sicyonia ingentis (Burkenroad, 1938) (Xiang et al., 1994) . Macrobrachium rosenbergii was found to have the highest chromosome number (2n 5 118) (Chavez Justo et al., 1991) among the species of shrimp.
